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Governments can significantly reduce earthquake mortality by implementing and enforcing quake-proof construction regulation. The authors examine why many governments do not. Contrary to intuition, controlling for the strength and location of actual earthquakes, mortality is lower in countries with higher earthquake propensity, where the payoffs to mortality prevention are higher. Importantly, however, the government response to earthquake propensity depends on country income and the political incentives of governments to provide public goods to citizens. The opportunity costs of earthquake mortality prevention are higher in poorer countries; rich countries invest more in mortality This paper-a product of the Macroeconomics and Growth Team, Development Research Group and the Global Facility for Disaster Reduction and Recovery Department-is part of a larger effort in the departments to study the main sources of vulnerability and to disseminate the emerging findings of the forthcoming joint World Bank-UN Assessment of the Economics of Disaster Risk Reduction.. Policy Research Working Papers are also posted on the Web at http://econ. worldbank.org. The author may be contacted at Pkeefer@worldbank.org. prevention than poor countries in response to a higher earthquake propensity. Similarly, governments that have fewer incentives to provide public goods, such as younger democracies, autocracies with less institutionalized ruling parties and countries with corrupt regimes, respond less to an elevated quake propensity. They therefore have higher mortality at any level of quake propensity compared to older democracies, autocracies with highly institutionalized parties and non-corrupt regimes, respectively. The authors find robust evidence for these predictions in our analysis of earthquake mortality over the period 1960 to 2005. Introduction
No government can prevent earthquakes. All governments, though, can optimize the regulations that reduce mortality when disaster strikes. Yet, earthquake mortality varies widely and systematically across countries. For example, in Japan and California, earthquake prone areas known for their strict regulations and enforcement, even large quakes cause few fatalities. In other countries and regions, however, much less powerful earthquakes at times kill large numbers of people.
We argue that a set of inter-related factors is responsible for these vast differences in mortality. One is that the propensity for experiencing a strong earthquake varies greatly across different parts of the world. Since most earthquakes result from sudden movements of tectonic plates, most earthquakes occur at the intersection of those plates. However, this does not imply that areas where quakes are strongest and most frequent necessarily experience the highest quake mortality. Governments in countries with a higher earthquake propensity implement more effective earthquake mortality prevention measures. As a consequence, a seeming paradox occurs: earthquake mortality is lower in areas with higher quake propensity, controlling for the strength of an actually occurring quake. This relationship, however, is not unconditional and depends on additional economic and political factors that influence governments' ex ante preventive measures and condition the effect of earthquake propensity on earthquake mortality. We identify two sets of intervening factors. First, the wealth of countries matters because the opportunity costs of earthquake mortality prevention policies tend to be higher at lower levels of per capita income. Earthquake-proof construction significantly increases the construction cost of houses and infrastructure and in poorer countries households and governments have more effective ways to spend scarce resources at their disposal than to invest in earthquake proof construction. And second, political incentives such as the level of democracy and governments' ability (or lack thereof) to credibly commit themselves to enforcing effective earthquake mortality prevention policies condition the inverse relationship between earthquake propensity and earthquake mortality. We discuss the underlying causal mechanisms in greater detail in section 3.
In providing a political economy explanation for the variation in earthquake mortality, our paper contributes to the literature on the politics of disaster mortality prevention. In an influential paper, Kahn (2005) argues that democracy reduces disaster mortality, but he finds this result only in specifications where all disaster types are pooled and neither disaster magnitude nor the likelihood of disasters are taken into account. Anbarci et al. (2005) suggest that inequality reduces the probability that citizens collectively agree to finance construction regulation. Empirically, they show that disaster mortality rises with inequality and with corruption (Escaleras et al. 2007 ).
Our analysis augments and advances on this important prior research in four ways. First, we agree with Kahn, Anbarci et al. and Escaleras et al. that failure to reduce avoidable disaster mortality is most accurately attributed to weak political incentives. However, while these authors argue that political incentives reduce disaster mortality directly, we argue that an important channel through which political incentives matter is by conditioning the responsiveness of governments to disaster propensity (and vice versa). Thus, for example, elected governments are more sensitive than unelected governments to an elevated propensity.
Second, both democracies and non-democracies exhibit considerable heterogeneity in political incentives to provide public goods and to make credible commitments to enforcing regulation. We explicitly take this heterogeneity into account, showing that older democracies, more institutionalized autocracies and non-corrupt regimes respond more to a higher level of earthquake propensity than younger democracies, less institutionalized autocracies and corrupt regimes. Third, we argue that income also conditions the effect of disaster propensity (and vice versa): richer countries respond more to an elevated quake propensity than poorer countries. Fourth, while Anbarci, et al. (2005) and Escaleras, et al. 4 (2007) also show a strong inverse relationship between earthquake propensity and mortality, we are able to improve on previous research designs by constructing measures of the magnitude and location of earthquakes and of quake propensity that take into account the exponential nature of the Richter scale. We also offer a different explanation for the result:
propensity not only affects learning by doing, as they argue, but it also affects the opportunity costs of investing in earthquake mortality reduction.
In our empirical analysis of earthquake mortality over the period 1960 to 2005, we find ample support for the hypotheses generated from our theory. Not only is earthquake mortality lower in democracies, in high quake propensity countries and in rich countries; the conditional political and income effects predicted by the theory are also significant and large.
For example, both income and political incentive effects are contingent on the level of earthquake propensity (or, equivalently, country responses to earthquake propensity depend on income and political incentives). Thus, we find that an elevated quake propensity lowers mortality more in relatively rich than in relatively poor countries. Likewise, democracies in which political competitors have greater incentives to provide public goods -older democracies -respond more to an elevated quake propensity and thus experience significantly less earthquake mortality than other democracies or autocracies. Autocracies in which leaders can make credible commitments to party members -autocracies with more institutionalized ruling parties -are better able to implement policies such as building regulations, are therefore better able to respond to an elevated quake risk and thus also experience lower earthquake mortality. The same applies to non-corrupt countries.
In the next section, we discuss why government intervention is necessary for the prevention of earthquake mortality despite the fact that most buildings are privately owned.
We then develop our theory in several steps, first explaining why there is an inverse relationship between earthquake propensity and mortality and then demonstrating how income and political incentives condition this effect. After a detailed description of our 5 research design, we present our main estimation results in section 5 and summarize the findings from an extensive set of robustness tests in section 6.
Earthquake Mortality: The Need for Government Intervention
Government policies have a substantial influence on disaster mortality through their influence on private risk reduction measures and through post-disaster aid (Neumayer and Plümper 2007; Plümper and Neumayer 2009 ). The necessity of government intervention in the specific case of earthquakes is not entirely obvious, however, since building collapse is the main cause of mortality in earthquakes (Osaki and Minowa 2001) and most buildings are privately owned. Certainly, government decisions are entirely relevant to the safety of public buildings, such as schools and hospitals. However, the assumption that government performance should have a large effect on mortality from the collapse of privately constructed and owned buildings is less obvious and requires some explanation.
Three potential market failures might call for government intervention. The most common is simply that earthquake-resistant features are costly to verify after construction is complete. Blondet, et al. (no date) point to the clay and straw content of adobe bricks as being central to the earthquake resistance of adobe homes. Steel reinforcement bars make a well-known contribution to earthquake resistance in concrete buildings, but not only is the steel itself not visible (encased, as it is, in concrete), but the durability of the steel depends on the quality and quantity of concrete around it. Since these features cannot easily be verified at reasonable cost (unless an earthquake occurs), buyers do not wish to pay for them and, in turn, they will not be provided. Escaleras, et al. (2007) emphasize this information asymmetry in assuming that it is impossible for private parties to contract for high quality construction. In the absence of regulation, earthquake mortality is high.
Information asymmetry, in and of itself, is not a satisfactory explanation for mortality, however. Private markets are replete with transactions that entail significant information 6 asymmetries about product quality. A key feature of these markets is the enforceability of contracts to provide quality. Government typically plays a key role here. If governments fail to support the enforcement of contracts, private markets are forced to rely on reputational mechanisms. These are difficult to implement when construction failures are revealed with low probability, following an earthquake. The enforcement of building codes is also likely to be weak in environments where contract enforcement is weak. The failure of contract enforcement, however, is symptomatic of broader government failures to provide public goods.
Government intervention might also be necessary even if construction quality is observable (e.g., by individuals who make daily visits to their home construction site).
Seismic design requirements are specialized and may not be well-understood by buyers, or by building constructors themselves. In this case, information about how to design earthquakeresistant buildings is a public good that the market may under-supply. Governments that are responsive to citizen needs can increase knowledge of seismic design principles; governmentinstituted building codes are one way in which they can do this.
Finally, behavioral distortions are a pervasive phenomenon in the face of lowprobability, high-loss events, when individuals frequently make decisions that lower their utility (Kahneman, et al., 1982) . Even if fully informed about building quality, buyers may care too little about the benefits of building attributes that protect them against low probability events. One study in the US shows that if the probability of a disaster falls too low, individuals simply stop thinking about it (Camerer and Kunreuther 1989) . A laboratory experiment in the US concluded that individuals are unwilling to pay anything for insurance against low probability events, even if the cost of the event is high (McClelland et al., 1993) .
Private individuals are often reluctant to purchase construction quality, even when doing so leaves buyers better off, and government intervention can overcome such reluctance. The evidence that higher earthquake propensity has a large and negative effect on earthquake 7 mortality is an indication that, at least at the societal level, behavioral distortions are muted:
higher risk appears to be associated with significantly greater mortality prevention efforts.
These arguments predict that earthquake mortality is lower when governments have stronger incentives to provide public goods in the form of enforcement of construction contracts and building codes, facilitating the provision of construction quality in private markets. Escaleras, et al. (2007) Income alone is unlikely to account for this large difference, particularly since Washington confronts a much smaller quake propensity than Padang. 8
The Politics of Earthquake Mortality Prevention
In this section, we develop our theory. As already mentioned in the introduction, we argue, first, that the opportunity costs of mortality reduction policies depend on a country's earthquake propensity. Higher propensity leads to lower opportunity costs of transferring resources to the construction of more quake-proof buildings and thus to lower quake mortality. We focus on deaths from building collapse because these are by far the most important source of mortality from earthquake disasters (in contrast to other disasters, such as flooding, where disease can have a large mortality effect). Second, income conditions opportunity costs. Specifically, the opportunity costs of expenditures to limit earthquake mortality differ across rich and poor countries and rich countries should respond more strongly than poor countries to an elevated earthquake propensity. And third, political incentives also condition the effect of earthquake propensity on mortality. In countries where citizens or members of the ruling party can more easily sanction leaders for poor performance, leaders are more likely to take -and to enforce -measures to prevent disaster mortality. In such countries, governments should respond more strongly to a higher earthquake propensity.
In the remainder of this section, we elaborate on these arguments.
Earthquake Propensity and Opportunity Costs
That "earthquakes don't kill people, (bad) buildings do" may easily be the most common cliché in popular discussions of earthquake mortality. It is well-understood that there are few technical obstacles to constructing buildings that have a fair chance of surviving even the strongest quake. However, the returns to an investment in earthquake-proofing a building vary sharply across regions and countries according to their earthquake propensity. It is therefore not the case that significant earthquake mortality is necessarily the product of negligence by households or governments. of resources from other uses (health infrastructure, medication, sanitation or, for a household, food or education) that yield more than offsetting mortality increases. In the unfortunate event that a strong earthquake does occur in a country in which earthquake propensity is low, we would therefore expect mortality to be higher. Ex ante, however, this outcome does not necessarily imply sub-optimal policy.
The L'Aquila earthquake illustrates the importance of propensity since, in fact, earthquake propensity in Italy is much lower than in California and Japan, which are located In sum, controlling for the magnitude and the exposure of a country's population to an actually occurring earthquake, mortality should be significantly higher in areas of low earthquake propensity, where the ex ante opportunity costs of mortality prevention are high.
Further below, we will argue that corruption also plays a role and, in fact, conditions the effect of earthquake propensity on quake mortality. Bad governance in Italy is therefore likely to also have played an important role in the relatively high mortality following the L'Aquila earthquake. However, while a quake similar to that in L'Aquila would have cost far fewer lives had it happened in Japan or California, Italy would have arguably wasted resources if its construction standards had been as strict as those in these areas of high earthquake propensity.
The Conditioning Effect of Income
With identical earthquake propensities, poor countries face higher mortality than rich countries when an earthquake strikes. One reason is that buildings are likely to be better built in richer countries for other reasons. Moreover, richer countries can afford more measures to reduce mortality in all areas, ranging from disease control to traffic safety to earthquake mortality prevention. For any given earthquake propensity, social welfare maximizing governments in both rich and poor countries would invest in mortality reduction, but the rich country's budget for mortality reduction is exhausted at a higher level of expenditure that results in lower mortality from all causes.
However, richer and poorer countries should also respond to differences in earthquake propensity differently. Under plausible conditions, sensitivity to earthquake propensity increases in income. A straightforward way to see this is to compare two cases. In the first case, a rich and a poor country with otherwise identical incentives of political leaders to serve citizen interests face very low earthquake propensity; neither spends any money on earthquake mortality prevention. However, both countries face mortality threats from other sources. The poor country, with a tighter budget constraint, spends less to reduce mortality from these threats than the rich. This means that the marginal benefit of those expenditures is correspondingly higher in the poor than the rich country: the last dollar of expenditure on the prevention of, say, infectious diseases prevents more mortality in the poor than in the rich country. In the second case, the two countries face high earthquake propensity, but with the opportunity costs to the poor country of transferring resources away from infectious disease prevention to earthquake mortality prevention being higher than they are for the rich country, the rich country invests much more in quake-proofing constructions than the poor country in response to this higher earthquake propensity.
There are two conditions under which our argument that income conditions the negative effect of earthquake propensity on quake mortality would not hold. We believe neither condition is realistic and our empirical results support this contention. The first condition would be if it were very cheap to make buildings earthquake-proof, such that opportunity costs were not to play a major role. This condition clearly does not hold in reality. Kenny Second, our argument would not hold if the marginal costs of reducing earthquake deaths were so much lower as to fully cancel out the opportunity cost consideration. However, even if it were the case that rich countries, with better buildings independently of earthquake propensity, confronted a somewhat higher marginal cost of reducing earthquake mortality, which is not clear, the marginal benefits of the last dollar spent on public health or sanitation are still likely to be far less than those in poor countries and are therefore better spent on 13 preventing earthquake mortality. In sum, therefore, we expect that, all other things equal, mortality is not only lower the higher a country's earthquake propensity, but particularly so if the country is relatively rich.
The Conditioning Effect of Political Incentives
Effective government regulation to improve building standards is likely to reduce earthquake mortality because the three conditions cited in section 2 undermine private efforts to mitigate risk: citizens are myopic when confronted with low-probability, high-risk events; they are uninformed about specific seismic design options and their value; and seismic design features are only observable at high cost in finished buildings. These government interventionscontract enforcement and the elaboration and enforcement of building regulations -have public good characteristics and their provision should therefore be subject to the same political conditions as the provision of public goods more generally.
A large literature identifies conditions under which governments have incentives to provide public goods such as disaster risk mitigation. Bueno de Mesquita, et al. (2003) , for example, argue that the larger is the "selectorate", the group of people who select the government, the more difficult it is for the government to use targeted payoffs to remain in power and the more likely the government will rely on public goods instead (see also Plümper and Martin 2003) . The larger the selectorate, the more it encompasses non-elite members of society.
Competitive elections increase the size of the effective selectorate. Policies implemented by democratic governments should therefore, in principle, target a broader population than policies implemented by autocracies. They are more likely to provide public goods, benefiting all citizens, including policies that reduce the risks to all citizens to die in the event of an earthquake. Moreover, since earthquakes are more likely to kill poor people living in substandard housing, and since an expansion of the selectorate generally serves to expand the enfranchisement of the poor, a larger selectorate should increase government incentives to enforce building standards. Whenever natural disasters have a strong distributive effect and the elite is significantly less affected than the broader population, an effect of democracy on disaster mortality is likely (Plümper and Neumayer 2009 ), because government survival in autocratic regimes depends less on the population and more on the elite than the re-election of government in democracies.
While the theory is clear, democratic institutions, by themselves, are often not associated with policy outcomes aligned with the interests of citizens, poor or otherwise. The effects of competitive elections on political incentives diminish in the presence of "political market imperfections" (Keefer and Khemani 2005) that undercut the ability of voters to hold incumbents accountable. Ideally, citizens accurately observe incumbent performance and, in the event that performance is poor, can expel the incumbent in favour of a challenger who can credibly commit to perform at a higher level. As the comparisons of regime types in Persson and Tabellini (2000) make clear, under these circumstances, incumbents have strong incentives to provide public goods and to avoid rent-seeking, corrupt behaviour. Yet, for many policy areas citizens are uninformed about government performance and political challengers cannot credibly commit to do better.
Disaster mortality prevention exhibits some of these imperfections. Because disaster prevention is difficult for citizens to observe (prior to a disaster occurring) and because disasters are rare events, such prevention is a low priority for governments. 5 At the same time, 5 Healy and Malhotra (2008) present direct evidence of political biases against disaster risk prevention. 
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Nevertheless, even among democracies variation in incentives of governments to provide public goods or to engage in rent-seeking at the expense of public good provision should also matter for earthquake mortality. A large difference among democracies stems from the ability of political competitors to make broadly credible commitments to citizens.
Democracies in which this is not the case are less likely to provide public goods (Keefer and Vlaicu 2008) . Keefer (2007) argues that credibility differences between democracies with more and fewer years of continuous competitive elections explain the distinct policy choices of these two groups: younger democracies provide a lower level of public goods than older, more established democracies. Consequently, even if all politicians have stronger incentives to provide ex post disaster relief than ex ante measures to mitigate mortality, politicians in democracies with more continuous years of competitive elections should provide higher levels of regulation for making buildings earthquake-proof than those in democracies with fewer continuous years of competitive elections.
Compared to democracies, autocracies of all kinds tend to actively discourage collective action by citizens. Consequently, even though it may be easier for citizens to coordinate a collective response after a disaster than after other policy failures, it is sufficiently difficult to coordinate any collective response against the autocratic rulers. Autocracies do vary, however, in the degree to which leaders allow ruling party members to organize collectively (that is, the extent to which they allow ruling-party institutionalization). Autocrats who do not permit collective organization by ruling party members are less able to make credible commitments to those members, making it difficult for leaders to promise rewards to party members who successfully implement leader policy initiatives (Gehlbach and Keefer 2009 ).
Regulations to reduce earthquake mortality are therefore less likely to be introduced or effectively enforced in settings where party members cannot collectively organize.
Lastly, both democracies and autocracies exhibit large within-regime type differences in the degree of corruption, which is also associated with weak incentives to pursue the broad public interest and to provide public goods. Where political incentives to restrain corruption are low, incentives to provide public goods are generally (though not always) lower. Even when they are not lower, the inability of governments to restrain corruption by public officials reduces political incentives to implement policies that are sensitive to corruption, such as building regulations. Finally, in corrupt regimes costly regulation -and earthquake-proof building regulations are costly for construction companies -can be circumvented by bribing government officials. Following this line of reasoning, we expect corrupt regimes to provide less regulation for preventing quake mortality than non-corrupt regimes and also to fail in the enforcement of such regulations.
The effects of political incentives are not only direct. They also condition the effects of earthquake propensity and, conversely, their effects will be conditioned by earthquake propensity. Political incentives to undertake ex ante measures to limit mortality, driven by the threat of ex post accountability analyzed by Ferejohn, rise with the level of earthquake propensity, since the higher the probability that a strong earthquake occurs in this period, the higher the probability that citizens will hold current policy-makers accountable for failing to act. That is, the greater is the probability of a strong earthquake, the greater the role for political incentives to reduce earthquake mortality. However, since democracies are more responsive than autocracies, they should also respond more to a higher earthquake propensity than autocracies. In other words, democratic governments are likely to enact more and better earthquake safety regulations relative to autocracies the higher the earthquake propensity of the country and we expect that quakes of the same magnitude not only kill fewer people the higher earthquake propensity, but particularly so if the country is democratic.
This reasoning is analogous to the earlier discussion of the conditioning effect of income on propensity. When propensity is very low, neither autocracies nor democracies have an incentive to take precautionary measures. When it is high, democracies have a greater incentive than autocracies. The difference in precautionary measures between high and low propensity democracies must, therefore, be greater than between high and low propensity autocracies. Similar arguments apply for the remaining political incentives identified in our discussion above. Older democracies should respond more to a higher earthquake propensity and thus have lower mortality at each level of propensity than younger democracies. The same holds true for autocracies with more institutionalized ruling parties relative to those with less institutionalized ruling parties and for less corrupt relative to more corrupt regimes.
Hypotheses
In sum, our theory generates six testable hypotheses. First, all other things equal and controlling for the strength and location of earthquakes in particular, quake mortality is lower in countries with a higher earthquake propensity. Second, a higher quake propensity lowers mortality more in relatively rich than in relatively poor countries. Third, a higher propensity also lowers mortality more in democratic than in autocratic countries. Fourth, politicians in older democracies have stronger incentives to provide public goods than younger democracies and an elevated quake propensity thus lowers mortality more in the former than in the latter.
Fifth, autocracies with more institutionalized ruling parties are better able to commit to providing public goods and, especially, to implement construction regulations, and thus experience lower mortality at higher quake propensity than less institutionalized autocracies.
Finally, non-corrupt regimes not only face higher incentives to provide public goods, but are also in a better position to enforce appropriate regulation than corrupt regimes. In contrast, in corrupt regimes earthquake-proof construction regulation is not only less likely, but if existent is unlikely to be enforced. As a consequence, a higher quake propensity should lower mortality more in non-corrupt than in corrupt regimes.
These hypotheses are helpful in clarifying whether the effects of earthquake propensity reflect the opportunity costs of investing in risk mitigation or reflect learning by doing. If learning-by-doing is solely the product of experience with earthquakes and costs nothing (that is, if propensity does not at all reflect opportunity costs of investing in lower earthquake mortality, including learning about how to respond best to quake risks), then income and political characteristics should have no effect on the relationship between propensity and mortality. Only if learning-by-doing requires costly investments should we expect such contingent effects to emerge. In that case, however, one is immediately in the world of opportunity costs: countries with the greatest incentives to invest in learning-by-doing, and in preventing earthquake mortality generally, are those in which the opportunity costs of making these investments are low, and in which political incentives to make them are high. In other words, if we find evidence for our hypotheses that the effects of quake propensity on mortality are contingent on factors such as the income and political characteristics of countries, then this supports the conclusion that opportunity cost plays a large role, whether or not there is learning by doing.
Research Design
To test these hypotheses, we analyze the determinants of earthquake mortality over the period 1960 to 2005. In this section, we describe our research design in detail.
Data Sources and Operationalization
Our dependent variable is the annual sum of earthquake deaths in a country, with data taken from EM-DAT (2008). 7 We take the sum of fatalities in a country year rather than fatalities from individual earthquakes as the unit of analysis since practically all of our control variables are measured at the country year level. Aggregation is unlikely to affect the 7 See Neumayer and Plümper (2007) for a discussion of the weaknesses of this dataset, which is, however, the only publicly accessible source of disaster type-specific mortality data.
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estimates, however, since in the vast majority of country years no more than one large earthquake occurs (smaller follow-on quakes after a major quake notwithstanding).
Similar to Kahn (2005) , we limit the estimation sample to observations at risk of mortality. This is important because country years in which no major earthquakes happened are not at risk; no one could have possibly been killed by an earthquake. They are irrelevant and their inclusion would therefore inject unnecessary noise into the estimation. We therefore restrict the sample to country years in which at least one quake of magnitude 5 on the Richter scale happened.
A key challenge in assessing the effect of earthquake propensity, economic constraints and political incentives on mortality is to control for the magnitude of earthquakes. Mortality is higher, all else equal, the greater the magnitude of an earthquake and the larger the number of people exposed to it. We therefore construct, and control for, two magnitude variables, one capturing magnitude itself, and one capturing magnitude weighted by the number of people in the area affected by the earthquake.
The measure of magnitude begins with each earthquake's measure on the Richter scale.
The Richter scale is on a base-10 logarithmic scale: small increases on the scale imply large increases in disaster magnitude. To ensure that disaster exposure properly reflects the much larger impact of earthquakes with a larger Richter score, we transform the Richter scale magnitude according to the formula 10exp(magnitude-5). We compare all the earthquakes in a country year and select the one with the highest transformed magnitude value, We use as a simple proxy for earthquake propensity the sum of earthquake strengths of quakes above magnitude 6 over the period 1960 to 2008, transformed according to the above mentioned formula. Results are robust to counting the sum of earthquakes above magnitude 5 or 6.5 instead. They are equally robust to using instead the strongest earthquake over the period 1960 to 2008. This is not surprising, since the total number of earthquakes a country experiences is strongly correlated with the magnitude of its single most powerful earthquake. Our hypotheses postulate that income and political incentives condition the effect of earthquake propensity to pursue policies that reduce earthquake mortality. Such conditional effects are typically estimated in a model in which two or more variables are interacted.
Unfortunately, the interpretation of interacted terms of two or more continuous variables is problematic in non-linear models. As Ai and Norton (2003: 129) have shown, in nonlinear models "the interaction effect (…) cannot be evaluated simply by looking at the sign, magnitude, or statistical significance of the coefficient of the interaction term." Instead, the interpretation of the interaction term requires computing the cross derivative of the expected value of the dependent variable, which depends on all the covariates in the model and their values. Testing the significance of interaction terms in non-linear models with two or more continuous variables is thus an extremely complex task.
Instead, we interact dummy variables for our main variables of interest with the continuous earthquake propensity variable. This is easiest done for our measure of regime type, which is already captured by a dummy variable for democracy. We thus interact dummy variables for democracies and autocracies with earthquake propensity. These estimated coefficients are not subject to the difficulty identified by Ai and Norton (2003) . They indicate how mortality changes with increases in earthquake propensity in democracies on the one hand versus increases in earthquake propensity in autocracies on the other. This formulation is equivalent to, but easier to interpret than interacting a single democracy dummy variable, equal to one for democratic and zero for non-democratic countries, with propensity.
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We similarly interact, in separate estimations, the continuous propensity variable with dummy variables for high-income versus low-income (or, to be precise, "not high-income") countries, using the World Bank (2009) classification, to estimate different earthquake 25 propensity coefficients for these two groups of countries. 11 About 25 per cent of countries are classified as having high-income. The earthquake propensity variable is also interacted with a dummy variable for democracies with below median continuous years of democracy and above median continuous years of democracy; while for autocracies the propensity variable is interacted with a dummy variable for, respectively, below and above median age of the ruling party, relative to the leader's years in office. The final interaction specification is between earthquake propensity and dummy variables for corrupt and non-corrupt regimes, where we classify a country as non-corrupt if it scores 4 or above on the scale that runs from 0 (most corrupt) to 6 (free of corruption). Roughly 35 per cent of country years fall into the 'not corrupt' category.
Estimation Strategy
The earthquake mortality dependent variable is a strictly non-negative count variable for which ordinary least squares (OLS) is inappropriate as it violates the underlying OLS assumptions of linearity of the estimation model and of normally distributed errors. There are two main estimation models for count data -Poisson and negative binomial. Since the sample variance significantly exceeds the sample mean, we have opted for the negative binomial model. The zero-inflated negative binomial model is sometimes employed to deal with the presence of many observations in which no disaster deaths occur. Although others have estimated disaster mortality determinants using this model (Kahn 2005) , we decided against the zero-inflated model for two reasons. First, we already restrict the estimation sample to relevant country years, i.e. to country years with at least one quake of a magnitude large enough to potentially cause mortality. As a consequence, the share of observations with zero 11 Our results are fully robust to interacting the earthquake propensity variable with dummy variables for OECD countries and non-OECD countries instead, also following World Bank (2009) classification. mortality is not excessively large (roughly 20 per cent of observations exhibit positive mortality). Second, the zero-inflated negative binomial model assumes that some observations take on a value of zero with probability of one (Long & Freese, 2006) . This is not a reasonable assumption, however, given that the sample is intentionally restricted to country years at risk of earthquake mortality. Table 1 presents the main estimation results. In the baseline model 1, quake propensity is not interacted with any dummy variable. As one would expect, quakes of higher magnitude on the transformed Richter scale and quakes of higher magnitude in more densely populated areas kill more people. Controlling for the strength of actually occurring earthquakes in this way, we find that a higher quake propensity is associated with lower mortality, as our theory predicts and as Anbaci, et al. (2005) first documented with a much different sample and propensity measure. Countries with higher per capita income and democracies have lower fatalities, whereas a larger population leads to higher mortality.
Results
In model 2, we interact the quake propensity variable with dummy variables for highincome and low-income countries, thus in effect estimating separate quake propensity coefficients for these two groups of countries. Both rich and poor countries respond to increasing earthquake propensity: mortality falls significantly with higher quake propensities in both sets of countries. However, the effects are significantly larger for rich countries. The difference between the two estimated coefficients is statistically significant at p<.001. In substantive terms, keeping all other variables at mean values, a one standard deviation increase in quake propensity lowers the expected count of quake fatalities by 62.8 per cent in rich countries and by 46.5 per cent in poor countries. This supports the earlier opportunity cost argument: poor countries face a larger opportunity cost of transferring resources to earthquake mortality prevention than rich countries such that they respond less to an elevated earthquake propensity than rich countries.
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Model 3 interacts the quake propensity variable with dummy variables for democracies and autocracies. Consistent with the argument that the prospect of elections should make democratic rulers more sensitive to earthquake propensity, the estimated coefficient for quake propensity in democracies is 2/3 larger than the respective estimated coefficient in autocracies In the final model 5, we test whether corruption conditions the effect of earthquake propensity on quake mortality. Since the corruption variable is available only since 1982, the sample size is further reduced. Consistent with the notion that political incentives to provide earthquake-proof construction regulation require a non-corrupt political regime, we find that corrupt regimes are totally unresponsive to an increase in earthquake propensity, while noncorrupt regimes are responsive to elevated earthquake risk with a standard deviation increase in quake propensity estimated as decreasing the expected count of quake fatalities by 50.3 per of years of continuous democratic experience (set to zero for autocracies) and the number of years in office of the largest government party minus the number of years in office of the current leader. The only exception is that, while quake propensity continues to have the highest effect on mortality in older democracies, followed by younger democracies and then by autocracies with high intstitutionalization, the difference in the effect of quake propensity between older and younger democracies is no longer statistically significant, while the difference between younger democracies and autocracies with high institutionalization now becomes significant. 29 cent (all other variables at mean values). Beyond this conditioning effect on earthquake propensity, corruption has no independent effect on quake mortality.
Robustness
The results reported in table 1 are robust to a number of potential mis-specifications of the estimation model - see table 2. 14 First, it could be argued that the results are driven by the specific cut-off that we employ for measuring earthquake propensity. However, in all but two cases, results are similar in terms of coefficient signs and statistical significance when we substitute into all of the models of table 1 a propensity measure that uses, instead of a threshold of 6 on the Richter scale, a threshold of 5 (column 1) or 6.5 (column 2), or simply the largest earthquake that the country experienced over the period 1960-2005 (column 3). The political incentives of leaders who have been in office for longer periods of time could differ from those newly in office and this could be correlated to the political measures we include, yielding spurious estimates. However, when we include the number of years the chief executive has been in office then all effects remain essentially the same (column 5).
14 Full results will be made available in a replication dataset and do-file upon publication of the article.
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All measures exponentially transformed as before.
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Mortality is significantly lower the more years leaders are in office, suggesting that longerserving leaders are more likely to internalize the future political costs of neglecting earthquake preparedness. Results reported in column 5 of 
Conclusion
The politics of disaster mortality prevention exerts a large influence on actual disaster mortality rates. We have argued here that governments face very different incentives to implement and enforce an effective system of quake-proof construction regulations. One main influence on government policies comes from earthquake propensity. If earthquakes tend to be rare and -if they do occur -tend to be moderate, governments are unlikely to implement an effective earthquake mortality prevention system, because this regulation is costly in the absence of major earthquakes. In the rare event of a major earthquake, however, the lack of ex ante incentives to implement preventive measures leads to higher actual mortality.
Even if earthquakes are relatively frequent and potentially strong, governments may opt against implementation of effective earthquake mortality prevention regulation when the country is relatively poor. Under this condition, the ex ante opportunity costs of such regulation can be prohibitively high if the government can save many more expected lives at lower cost in other areas of social or health spending.
Finally, political institutions influence governments' response to earthquake propensity.
Political institutions not only exert an influence on the extent to which governments are willing to provide, and can credibly commit themselves to providing, the public good of 32 earthquake morality prevention. Political institutions also condition the extent to which governments will respond to higher earthquake propensity. In sum, earthquake propensity together with economic and political incentives explain why earthquake mortality varies widely even after controlling for the seismic energy and the location of actually occurring quakes. These interaction effects indicate that, independent of the degree to which higher earthquake propensity reduces mortality because of learning by doing, propensity has a significant impact on the opportunity costs of mitigating risks. If learning by doing were costless, and were the only reason that propensity affected mortality, then the effects of propensity would be independent of the income and political characteristics of countries.
Critics have been quick to put the blame on politicians and their apparent failure to prevent or at least reduce mortality from earthquakes. Yet, our theory suggests that in countries with low quake propensity, failure to enact and enforce regulations for earthquakeproof construction is not necessarily a failure, but may be perfectly rational, following opportunity cost considerations. Our empirical results corroborate this view. We thus find that mortality and earthquake propensity are related in precisely the way one would expect if governments were welfare-maximizing: where propensity is higher, mortality is significantly lower and poor countries respond less to higher quake propensity, precisely as expected, given the higher opportunity costs for poor countries of investing in earthquake mortality prevention. At the same time, we have also argued and demonstrated empirically that the presence of political market imperfections (lack of elections or of credible politicians) has a large effect on how countries react to earthquake propensity. In the extreme cases, a higher quake propensity has no significant effect on mortality in autocracies that lack institutionalized ruling parties or in corrupt regimes. Our results thus suggest that policy advice to countries regarding disaster preparedness should strongly depend on the political characteristics of these countries. 1960-2005 1960-2005 1960-2005 1975-2005 1982-2005 Notes: Standard errors clustered on countries. * significant at p<.1 ** at p<.05 *** at p<.01. 
